Utah ranks among the nation's fastest growing states, fueled by high rates of natural population increase and in-migration.
Introduction
Mormon settlers entered Utah's Great Salt Lake (GSL) Valley in 1846 and quickly began transforming the arid, high-desert basin into an ordered agrarian landscape. An elaborate system of reservoirs and irrigation canals fed by abundant snowmelt from the Wasatch Mountains gave life to fields, orchards, and a rapidly growing human population. Over the next 150 years, the Basin's population grew to over 2 million, and the Valley became a highly-fragmented matrix of urban and suburban development with remnant patches of agricultural lands and natural areas.
Today, Utah has one of the nation's fastest growing populations, with its population of 2.4 million expected to increase 44% by 2030 (U.S. Census Bureau [1]). Such rapid growth has fueled efforts to control growth and protect open space. In Davis County, located north of Salt Lake City, municipalities were concerned about the pace of growth and potential loss of GSL wetlands. In 2001, the County adopted a Shorelands Plan to guide development and protection efforts for the wetlands (Davis County Council of Governments [2] ).
A year later, a 5-county Wasatch Open Space Plan was prepared for the Wasatch Front Regional Council (WFRC). The Wasatch Plan covered 2.7 million ha (6.7 million ac) and identified regions of future conflict by comparing areas of likely future development with regionally-significant open space, including landscape features important for maintaining public health, safety, and welfare (Toth et al. [3] ). The landscape patterns identified in the Wasatch Plan suggested a generalized pattern of open space that, if preserved, enhanced, or restored, could provide ecological and social benefits to residents.
Although the Shorelands Plan provides specific land use recommendations and implementation strategies, its limited geographic scope lacked the larger contextual perspective embodied in the Wasatch Plan. Conversely, the spatial detail of the Shorelands Plan provided levels of resolution not possible at the 5-county level. To bridge the gap, this paper demonstrates how the specific land use designations of the Shorelands Plan (1:24,000 scale) can be integrated within the larger scale regional connectivity of the Wasatch Plan (1:100,000 scale) in order to arrive at a spatially explicit open space protection strategy.
The objectives of this paper are to: (1) identify important open spaces in Davis County, with special reference to riparian corridors as linear features that provide landscape connectivity for both human and ecological systems; (2) characterize current development patterns and identify where pattern changes could be made to preserve and enhance quality of life and ecological function; and (3) estimate the amount of land available for future development under alternative housing densities and levels of open space protection.
Study area
Davis County covers a land area of 68,635 ha (169,600 ac) within the GSL Valley (Figure 1 ). The County is bounded on the east by the Wasatch Mountains and on the west by the GSL. Major protected areas include Antelope Island State Park within the GSL, and the Wasatch National Forest along the County's eastern edge ( Figure 1) .
As shown in Figure 1 , rapid population growth and residential development have altered much of the GSL Valley's landscape, leaving a sliver of wetlands along the shores of the Lake. Indeed, between 1990 and 2000, the County added 51,106 new residents -an increase of nearly 30% (U.S. Census Bureau [1]). As a result, the many forested riparian corridors that once linked higher elevation flora and faunal communities with lower elevation wetlands are largely absent in Figure 1 . Also at risk are the County's remaining agricultural soils -some of the most productive in the state. Indeed, Busch et al. [4] estimated that across the broader Wasatch region nearly 44,515 ha (110,000 ac) of prime agricultural soils had been lost to development by the year 2000 -roughly one-third of the region's total. Based on population projections and settlement patterns, the region was predicted to lose an additional 32,375 ha (80,000 ac) by 2030. 
Methods
Integrating the Shorelands and Wasatch Plans to provide a consistent guide to open space protection required several steps. First, landscape features considered by each plan were described and evaluated in order to develop a comprehensive list of data layers important for open space protection. GIS layers of these land characteristics were then acquired at a 1:24,000 scale when possible. Most data were acquired from the Utah Automated Geographic Reference Center website (AGRC [5] ). Some finer-grained soils data were obtained from the on-line National SSURGO database (USDA [6] ). Once these GIS data layers were gathered, they were used to spatially depict important open space concepts from both plans. 
Results
Increasing the resolution of the Davis County portion of the Wasatch Plan to match the Shorelands Plan revealed the county-wide open space pattern depicted in Figure 2 . In order to spatially display options for future development under different levels of protection, landscape features important for open space were sequentially removed from the current developable area to create a series of scenarios ranging from low to high open space protection (i.e., Scenarios 1 through 11 in Table 1 , respectively).
A critical question for Davis County is to decide which, if any, open space layers are suited for protection. For example, the first six data layers that comprise Scenario 6 incorporate many natural landscape features considered critical to both human and natural systems. Scenarios 7 and 8 add the protection of existing agricultural lands -areas important for food security, quality-of-life, community character, economic stability, and wildlife habitat.
Comparing Figures 1 and 2 reveals that many east/west corridors linking the Wasatch Mountains to the Valley floor have already been severed. As a result, many patches of remnant vegetation have been isolated, degraded, or destroyed. These connections are not only important in maintaining ecological processes in the County, but serve as well to ensure water quality and quantity (Rudd et al. [7] ). Indeed, restoring riparian corridors as part of a larger effort to protect open space is particularly important in Utah, where despite the region's arid setting, residents use over 1100 liters (300 gallons) of culinary water/person/day -the second highest level of consumption in the U.S. (UDWR [8] Government [9] ) and a limited water supply suggest that residents will need to reduce their consumption of culinary water. Indeed, according to the Utah Division of Water Resources [8] , the Weber River Basin, which passes through Davis County, will be fully utilized for culinary use by 2040. By 2050, demand is estimated at 442 million m 3 /year (358,000 acre-feet/year), far surpassing the Weber River's annual supply of 324 million m 3 /year (263,000 acre-feet). Even under an assumed 25% reduction in use due to conservation measures, culinary water demand is expected to exceed supply by 27 million m 3 /year (22,000 acrefeet/year) in 2050.
Figure 2:
Current development and open space protected under Scenario 11 (maximum protection). All above + wetland/riparian areas and buffers 8.6 39% 5
All above + slopes greater than 30% 6.1 28% 6
All above + prime agricultural lands 2.6 12% 7
All above + all existing agricultural lands 2.2 10% 8
All above + essential wildlife habitat 2.1 10% 9
All above + canals, aqueducts, and buffers 1.9 8% 10
All above + high liquefaction soils 1.5 7% 11
All above + proposed and existing trails 1.5 7%
Discussion
The open space protection scenarios described above provide a starting point for assessing the impacts of growth on open space. These scenarios can be combined with population forecasts and assumptions of household size and housing density to estimate the area likely to be developed over the next 20 years. Table 1 would meet projected housing needs. If, however, housing densities were to increase and policies favoring community reuse and infill were implemented, additional lands could be protected. For example, increased housing options (e.g., apartments, multiplexes, townhomes, etc.) combined with a moderate increase in single family housing density (i.e., from 0.12 ha to 0.07 ha, or 0.30 ac to 0.17 ac) would save an additional 2,520 ha (6,228 ac) of open space by 2020. Table 2 Table 2 were developed by Envision Utah [11] based on extensive public input and study. In this paper, we demonstrate the benefit of simply increasing the density of single family housing while keeping the housing mix www.witpress. com, ISSN 1743-3541 (on-line) the same as the determined future trend. It is important to note, however, that it would be simple to calculate the additional land area that could be saved for open space under scenarios with higher percentages of apartments and/or townhomes/duplex style housing. Encouraging higher housing densities to protect open space would allow Davis County to protect and "re-connect" vital east/west corridors linking the Wasatch Mountains to the GSL. Depending on community needs and resources, it may be necessary in some cases to acquire land, day-light streams, or restore riparian areas to re-establish connectivity. Johnson [13] notes the importance of corridors as parts of a larger system of open space patches, explaining that "the long-term value of corridors is highly dependent on the health of the adjacent landscape and large patches of native vegetation." Johnson continues: "the puzzle can be completed through public and private landowner partnerships, passing on to future generations the rich wildlife and scenic heritage our nation has come to cherish" (Johnson [13] ).
Rudd et al.'s [7] analysis of connectivity in urban green spaces found that the best alternative for green space connectivity benefiting urban wildlife included a network covering the whole study region with a high degree of connectivity. Their research demonstrated that many links were created through backyard habitat and other urban spaces. These spaces contributed significantly to an overall connected network of open space. According to Rudd et al. [7] , "it is important to remember that preserving parks is only part of the solution. Without connections between them, isolation and loss of genetic diversity is imminent." These findings suggest that it will be important to create and preserve links from the mountains to the valleys, and between all existing open spaces in Davis County.
Conclusions
This study integrated large-and small-scale open space plans in order to capture the advantages afforded by each. The result demonstrated how a county-wide pattern of open space could be developed with sufficient detail to allow planners to begin to identify specific strategies and sites for protection.
A wide range of options are available to protect open spaces and areas important for public health, safety, and welfare (Fausold and Lilieholm [14] ). These range from zoning strategies that reduce lot size and increase housing options, to residential infill and water conservation policies. By bringing different planning scales together and establishing a framework of open space patches and linked corridors, this study, which shows patterns where land use change or preservation is important, can lead to the planning decisions and lifestyle modifications that will have a positive effect on the future of Davis County.
In this regard, we identified waterways as vital east/west corridors connecting otherwise isolated patches of open space. Protecting remaining riparian corridors and restoring those lost under past development would provide a host of ecological benefits, including floral, faunal, and aquatic habitat. In addition, these networks of open space could provide recreational opportunities while enhancing water filtration, soil stability, visual aesthetics, and flood control. 
